THE red colour which develops in adrenalin solutions on standing is usually attributed to the formation of an oxidation product. It is accompanied by a diminution of activity, and Dixon found that the reduction of physiological activity was approximately proportional to the amount of coloration. The readiness with which oxidizing ferments act upon adrenalin has been frequently observed. On adding to a solution of adrenalin a tyrosinase which was contained in a fresh extract of Russula delica, Abderhalden and Guggenheim saw the formation of a red colouring matter. Neuberg found that the ink-bag of Sepia officignalis yields a ferment which converts adrenalin into a melanin, and that this black colouring matter is an oxidation product of adrenalin. Athanasiu and Langlois observed that adrenalin lost its pressor qualities when treated with ozonized air or with an oxydase obtained froin crayfish blood. Batelli and Stern are of opinion that adrenalin is changed in the liver into ovyadrenalin. I have lately been making some investigations into the action upon adrenalin of a tyrosinase obtained from potatoes. A drop or two of a 5 per cent. solution of this tyrosinase added to 2 c.c. of adrenalin solution gives rise in two or three minutes to a pink colour which deepens rapidly to a port-wine red. Moreover, this reaction is very delicate; I find, for instance, that fifteen minutes after mixing the pink colour is quite evident in a solution containing less than 00004 per cent. of adrenalin; in 2 c.c. of solution this would equal 0002 mgrm.
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at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from So delicate is the reaction that the presence of adrenalin in the suprarenals of a sheep may be readily demonstrated. A sheep's suprarenal is cut open lengthways, laid upon white filtering paper and a few drops of tyrosinase solution poured upon the cut surface. After a few minutes the medullary substance assumes a reddish tint, and if the fluid be allowed to run off the cut surface on to the paper the latter will be stained pink. The reaction is naturally not characteristic, both hydrochinon and phenol, especially the latter, give a very similar colour with potato-tyrosinase. The colour change does not take place quite so quickly with phenol as with adrenalin, nevertheless, one hour after mixing the pink colour is quite evident in a solution containing 00006 per cent. of phenol, so that the limit of dilution at which the coloration is observable does not differ very much from that found with adrenalin. The nature of the colouring substance thus formed is apparently not definitely known. Bertrand examined a number of bodies which give a similar reaction with a tyrosinase obtained fromn wheat-bran and came to the conclusion that the oxidation with tyrosinase is bound up with the CcH5OH group. In the case of adrenalin it is, perhaps, not unlikely that the red body may be orthochinon, but I have not gone into this point. I find, further, that this change in adrenalin is accompanied not only by a loss of pressor activity but that also the power of inducing glycosuria is first reduced and then altogether destroyed. If the adrenalin solution is injected into the blood immediately after adding tyrosinase the rise in blood-pressure is practically the same as when adrenalin solution is injected alone. After the mixture has stood fifteen minutes the rise which now follows its injection is materially less, and after standing half an hour the mixture on injection causes no rise of blood-pressure at all. With reference to the production of glycosuria the samne effects are observed; after the mixture has stood fifteen minutes some slight glycosuria follows its subcutaneous administration, but when it has stood half an hour no sugar appears in the urine after the injection.
The pressor action of tyramine (p.-hydroxyphenylethylamine) is affected in a similar manner by potato-tyrosinase. When the tyrosinase is added to a solution of tyramine the yellowish colour of the latter gradually changes to brown or black and there is a deposit of black material. The change of colour takes place more slowly than with adrenalin, but the resulting effect upon the pressor action is the same-after the mixture has stood a certain time the pressor action is diminished and somewhat later disappears altogether; in fact, the changed tyramine solution produces a short but decided depression of blood-pressure. None of these effects are produced either so quickly or in the same degree when the tyrosinase solution is boiled before being used.
It seems probable that the red colouring matter formed by the action of tyrosinase on adrenalin is due to an alteration in the ring, but of course this does not exclude a simultaneous action on the side chain, and further investigations are needed to clear up this point. In any case, it is shown that by means of tyrosinase adrenalin can be deprived of the power of producing glycosuria and of its pressor action.
Glycosuria, however, does not always follow the administration of adrenalin. Underhill found quite lately that in enadeavouring to reproduce Ritzmnann's experiments he did not get glycosuria after intravenous injection of adrenalin unless the rabbits were under the influence of urethane. Pollak has shown .that after repeated subcutaneous injections of adrenalin a condition of apparent immunity may be produced in which no sugar appears in the urine although considerable hyperglyceemia exists, and he concludes that the nonappearance of glycosuria is due to an increased resistance to the passage of sugar out of the kidney. Zuilzer, Frugoni and Glaezner and Pick found that adrenalin glycosuria may be prevented by the administration of pancreatic juice. v. Fiirth and Schwarz showed that in spite of hyperglyceemia the occurrence of glycosuria may be prevented by artificial irritation of the peritoneuni. Schwarz found that adrenalin protects rabbits whose suprarenals have been reinoved against phlorizine diabetes to which they are otherwise very susceptible. To these facts I have now to add, as a result of my own experiments, that in rabbits the occurrence of glycosuria after subcutaneous administration of adrenalin may be prevented if immediately after the subcutaneous injection a dose of adrenalin is given intravenously and repeated two or three times at intervals of ten minutes. At first sight this appears to support Pollak's inference that there is increased resistance to the passage of sugar out of the kidney. I am at present, however, not prepared to offer an explanation or to agree with Pollak. It appears from the foregoing that adrenalin may be so altered by oxidation as to lose both its pressor action and its power of inducing glycosuria. At what point or points in the adrenalin molecule the oxidation takes place is doubtful, but the very strong correspondence between the tyrosinase colour reaction with phenol and that with adrenalin suggests that the hydroxyl groups in the ring are implicated. Further consideration will, however, lead us to think that this is not the only point where the oxydase effects a change. We have in adrenalin a body which when injected into an ear-vein of a rabbit, and so compelled before distribution to pass through the lungs, where we may assume oxidation readily occurs, does not cause glycosuria though retaining its pressor activity. That pressor properties may exist apart from or combined with sympathomimetic powers has been shown for numerous substances by Barger and Dale and others. It seems as if the oxidation of adrenalin in the body proceeds at two different points of the molecule and with different facilitv. The first and more easily accomplished oxidation takes place at a point which is concerned with the production of glycoemia; the pressor properties are not so easily oxidized into impotence. In correspondence with this, the dose of adrenalin which must be given to rabbits to induce glycosuria is very much larger than that which will cause a rise of blood-pressure. For example,. 1 c.c. of a 1 : 100,000 solution of adrenalin injected into the jugular vein of a rabbit will cause a quite distinct rise of blood-pressure, whereas I have not been able to induce glycosuria by intravenous injection of 1 c.c. or even 2 c.c. of a 1 : 1,000 solution, that is, up to and including the lethal dose; subcutaneously, on the other hand, less than 1 mgrm. per kilogram body-weight cannot be relied upon to cause glycosuria, although a smaller dose produces widespread local anamia. If, then, as is suggested by the action of tyrosinase, rapid oxidation of a part of the adrenalin molecule in the blood accounts for the loss of power to cause glycosuria, how is the glycosuria after subcutaneous injection brought about ? Injected under the skin, adrenalin comes at once in contact with sympathetic nerveendings, stimulation of which is its characteristic, and so possibly by way of the ganglia an impulse may be conveyed to the centre regu-lating the amount of sugar in the blood. If this suggestion were correct it might be possible to prevent glycosuria after subcutaneous injection of adrenalin by occupying the sympathetic ganglia and nerveendings with some other substance and so preventing the access of adrenalin. Dixon has shown that apocodeine is such a drug and that it prevents the rise of blood-pressure after administration of adrenalin. I find, further, that if apocodeine is given to a rabbit and immediately afterwards a dose of adrenalin subcutaneously no glycosuria follows.
It may be further noticed, in support of the explanation suggested for the fact that adrenalin administered intravenously does not cause glycosuria, that adrenalin injected under the peritoneum causes both a rise of blood-pressure and glycosuria; here the conditions for ready oxidation are limited, whereas sympathetic endings are plentiful. Further, the rise of blood-pressure after peritoneal injection is slower in attaining the maximum and falls to normal less precipitously than after intravenous application, indicating a slower destruction--i.e., oxidation-of adrenalin in the peritoneum. In this connexion it is interesting to observe that tyramine intravenously administered, in correspondence with its greater resistance to the action of tyrosinase, causes a more prolonged rise of blood-pressure and a less sudden fall to normal than is the case with adrenalin, thus indicating that the destruction of tyramine (probably by oxidation) proceeds less rapidly in the blood than does that of adrenalin.
Briefly to sum up the results of these investigations: Potatotyrosinase so alters adrenalin that both the power of causing rise of blood-pressure and that of producing glycosuria are lost. It is probable that the hydroxyl groups of the ring form one of the points which the tyrosinase attacks. The pressor and the glycosuric powers of adrenalin are so situated in the adrenalin molecule that the one may be lost and the other retained. This takes place when adrenalin is injected intravenously. There is, then, rise of blood-pressure but no glycosuria. On the other hand, although there is no rise of blood-pressure after subcutaneous injection, still the pressor property is not at once lost, for there is constriction of blood-vessels in the injection area, and this continues for an appreciable time. The loss of the power to produce rise of blood-pressure occurs on the way from the subcutaneous tissues to the blood-stream. These facts and, further, the very great difference in the dilution of adrenalin at which the glycosuric and pressor powers are active seem to suggest that these two powers are connected with different points in the adrenalin molecule.
On the other hand, there are two groups of cells upon which adrenalin acts, namely, (1) the vasomotor endings in the blood-vessels, and (2) certain cells in the subcutaneous tissue which must in some way be linked up to the piqiure or sugar centre. As these two groups of cells have different functions it is probable that their physico-chemical constitutions are also different.
We may then, I think, justifiably assume that in the adrenalin molecule there are two points: the one is the key to the vasomotor lock, the other to the piq$ure lock. Both these points must be readily accessible to the action of tyrosinase. To adopt Ehrlich's terminology we may think that for pharmacological purposes the adrenalin molecule contains two haptophore groups: one with a specific attraction for vasomotor nerve-endings, the other for nerve-endings connected to the sugar centre. But these groups are deprived of their specific haptophore capacities by oxidation.
The blood-pressure-raising power of tyramine is also destroyed by lyrosinase, but more slowly than is the case with adrenalin, and the blood-pressure curve of tyramine is accordingly more prolonged and less abrupt than that of adrenalin. Up to the present I anm not aware that anyone has found glycosuria after subcutaneous injection of tyramine; my own investigations show that up to 004 gr. per kilogram no sugar occurs in the urine of rabbits.
Note.-A full report of the experiments alluded to above will appear shortly.
DISCUSSION.
The PRESIDENT (Professor W. E. Dixon, F.R.S.) said that the subject of adrenalin was one of interest to everybody. There was one point that impressed him particularly in Dr. Ransom's paper; this was his statement that adrenalin administered by a vein did not cause glycosuria, but that administered subcutaneously it did. The action in the two cases, according to the paper, was entirely different. Dr. Ransom stated that if adrenalin was put under the skin it excited the sympathetic nerve-endings and produced an effect on the glycosuric cenfre in the medulla, but that glycosuria was not produced in the case of injection into the vein. The speaker did not think that adrenalin put in the blood could act essentially in a different way from hypodermic injection; he suggested that the absence of glycosuria after intravenous injection might be explained by constriction of the renal vessels.
Dr. T. R. ELLIOTT said that it struck him as rather surprising that adrenalin injected intravenously should have no effect in producing glycosuria. Experiments were required to learn to what extent renal excretion in general was diminished. He thought Dr. Ransom said that an excess of sugar appeared in the blood, so that at any rate the intravenous injection liberated sugar. The non-appearance of glycosuria might be due to failure of urinary flow, or again it might be associated with a toxic action of adrenalin on the kidneys. It was well known that the drug produced a fatty renal degeneration. The suggestion that adrenalin, given intravenously, had no effect in producing glycosuria ran counter to the views lately put forward in France in connexion with the "glycosuria puncture" theory. It was held that if the Claude Bernard puncture were made subsequently to excision of the suprarenals glycosuria did not supervene. The speaker had been able to some extent to confirm the puncture experiment by proving the control through the splanchnic nerves of the secretion of adrenalin from the suprarenal glands. But underlying all this was the assumption that adrenalin liberated in the blood could produce glycosuria. If Dr. Ransom's experiments contradicted that, then the whole explanation fell to the ground, and it was very important to have the matter settled one way or the other.
Dr. H. H. DALE said that he had been greatly interested in Dr. Ransom's suggestion that the action of adrenalin on the sympathetic nerve-ending on the one hand, and its action in producing glycosuria on the other hand, might be associated with different groups in the molecule. It ought to be easy to test that point since so many substances were now available lying in its immediate chemical neighbourhood. He imagined that by examining a series of these substances for the two types of action some result might be arrived at. That work had already been carried out to a great extent as regards pressor action. but there remained to be investigated the varying degrees in which these substances produced glycosuria. There were no definite statements published on that point so far as he was aware, but he thought it possible that the different groups of the molecule were responsible for the different effects.
Professor A. R. CUSHNY, F.R.S., remembered that a few years previously he had tried to get glycosuria from intravenous injections of adrenalin and had succeeded. The injection was not made in the ordinary manner, but a very dilute solution was infused into the vein for something like half an hour, and then glycosuria came on. But he saw at once that there was a difficulty underlying these experimental conditions, because diuresis appeared, due to the saline; and he could not be quite sure whether it was adrenalin glycosuria or saline glycosuria. He had always supposed that the failure of adrenalin to cause glycosuria when injected intravenously was due to the contraction of the renal vessels. An analogy to this was the failure of secretin to cause a pancreatic secretion when adrenalin was injected at the same time. The question might be tested, however, and he would like Dr. Ransom's views as to whether, when he antagonized the subcutaneous injection of adrenalin by an intravenous injection of adrenalin, nicotine could be substituted for the latter.
Dr. RANSOM, in reply, said that although intravenous injections of adrenalin did not cause glycosuria, they did produce some hyperglyceemia; one explanation was that adrenalin intravenously injected did not raise the sugar contents in the blood up to a sufficient point in rabbits-and it was important to remember that the experiment was carried out with rabbits-above the assimilation line. He thought that Dr. Dale's suggestion might be carried out in some future experiments, and an attempt made to prove what part of the molecule was associated with glycosuria. In reply to Professor Cushny, he had had some difficulty with regard to nicotine, but he was able to use apocodeine-a practically similar drug-and found that it did prevent the occurrence of glycosuria. In some future experiment he would see what nicotine would do, but probably the two actions corresponded very closely. If a large quantity of saline was allowed to run in with the injection one got, of course, glycosuria.
